Empty body composition of 68 mixed-breed and 50 Angus steers was determined by chemical analysis of the right half-carcass and entire noncarcass fraction of each steer. Chemical composition was used to develop prediction equations for empty body protein (EBPRO) and fat (EBFAT) in steers using urea space (US) and body weight measurements. Previous research showed a significant positive correlation between empty body water (EBH20) and urea space in these steers. For all steers studied, the percentage of EBH 20 ranged from 44.8 to 69.2 (mean = 56.0), the percentage of EBPRO ranged from 14.1 to 19.8 (mean = 17.0) and the percentage of EBFAT ranged from 6.1 to 38.1 (mean = 22.1). The best predictions obtained were multiple regression equations with actual weight of body components as dependent variables and US and empty body weight (EB) as independent variables. Urea space alone was a poor predictor of EBFAT, but US improved predictions based on live weight (LW) or EB alone. Coefficients of determination for the best predictions of percentage of composition were not as high as coefficients of determination for the best predictions of actual weight of body components. These data suggest that US measurements can be used to predict empty body composition of live steers, but this may require repeated measurements and an independent estimate of EB from LW for greatest accuracy,
Introduction
There is a continuing need for nondestructive, simple and accurate methods for the measurement of body composition in live animals to be used in studies of nutrient use, nutrient partitioning, growth and genetic selection. In cattle, recent interest has focused on dilution techniques; primary concerns have been appropriate solute, appropriate model for prediction, involvement of water and total fill in the gastrointestinal tract and simplicity of the procedures used (Trenkle, 1986) . Using a 1 Mention of companies or products is for the benefit of readers and does not constitute an endorsement or preferential treatment by the authors or the USDA. simple approach in steers (Preston and Kock, 1973; Kock and Preston, 1979; that involved blood samples taken before and once after infusion of an aqueous solution of urea, significant positive correlations were demonstrated between empty body water (EBH2 O) and urea space (US), EBH20 concentration and US as a percentage of live weight (US%LW; LW), and EBH20 concentration and US as a percentage of empty body weight (US%EB, EB). The present paper reports prediction equations for the estimation of empty body protein (EBPRO) and fat (EBFAT) in live steers using urea dilution parameters. Predictions are based on directly measured chemical composition of 118 steers. Actual measured composition of 22 of these steers is compared with composition predicted by deuterium oxide dilution (Byers, 1979) .
Materials and Methods
Urea Space. A full description of the animals, diets, infusion procedures and statistical methods has been published Preston and Kock (1973) and Kock and Preston (1979) with postinfusion blood samples taken 12 rain after the midpoint of infusion. Urea space was calculated by dividing the precise quantity of urea N infused by the difference in plasma urea N concentration before and after infusion; US was also expressed as a percentage of live weight or empty body weight (US%LW or US%EB). Steers were slaughtered and divided into carcass and noncarcass fractions for analysis. Empty body weight was determined by the sum of total hot carcass and noncarcass fractions following removal of contents of the gastrointestinal tract and bladders. Samples of the entire ground noncarcass fraction and samples from the ground right half of the carcass were analyzed chemically for protein, fat and ash. Protein (N • 6.25) was determined by macro-Kjeldahl (AOAC, 1980) , fat by ether extraction with a Soxhlet apparatus and ash by conventional combustion methods. Simple, multiple and quadratic regression analyses were performed by the General Linear Models Procedure of SAS (1982) . Effects due to groups of steers (mixed-breed vs Angus) were determined by using group as a class variable, and common regressions from pooled data derived from these analyses. Dependent variables studied were EBPRO, EBFAT, EBPRO as a percentage of EB (%PRO) and EBFAT as a percentage of EB (%FAT). Independent variables in the analyses were LW (2 d avg, full-fed), EB, US, US%LW and US%EB.
Deuterium Oxide Dilution. Deuterium oxide dilution measurements (Byers, 1979a) were made on 22 of the mixed-breed steers used to develop US equations. This two-pool model involved blood sampling at 0, 20, 30, 50 and 80 min and 4 to 6, 24, 48 and 72 h after rapid infusion of .22 to .24 g deuterium oxide/kg body weight. Infusions were made between 0800 and 1030 prior to morning feeding. Actual weight of deuterium oxide infused was determined by the difference between the full and empty syringe used for infusion. Deuterium oxide concentration in blood water was determined by infrared spectrophotometry following lyophilization of the samples and trapping in a cold finger (Byers, 1979b) . Deuterium oxide predictions of EBH2 O, EBPRO, EBFAT and fill were compared with actual measured values, using a paired t=test (SAS, 1985) . Predictions of EBH20, EBPRO and EBFAT, using equations with US and LW or EB from the pooled data and from the mixed-breed data, were also compared with actual composition in the same manner. Table 1 gives means and ranges of the empty body components for mixed-breed steers, for Angus steers and for the pooled data. Live weights ranged from 210 to 517 kg (mean = 402 kg) for the mixed-breed steers and ranged from 219 to 517 kg (mean = 394 kg) for the Angus steers. Table 2 gives means and ranges of the percentage composition of these steers. The range in EBH 20 as a percentage of EB (%H 2 O), %PRO and %FAT for the entire set of steers falls within ranges of these same components reported by Reid et al. (1955) for several cattle types. The mean and range for %ASH (table 2) are slightly lower than those for beef cattle reported by Reid et al. (1955) , which were 4.5 and 3.0 to 5.9%, respectively. Equations developed from these data , based on direct chemical determination of EBH20, for predicting EBH20 concentration from US%LW or US%EB were similar to those of Preston and Kock (1973) . Rule et al. (1986) found that measured EBH20 did not differ from that predicted using equations of Hammond et al. (1984) in 12-mo-old and 18-too-old steers, but EBH20 was overestimated in 6-mo-old steers. With data from a set of 54 growing cattle, Bartle et al. (1987) found that percentage of EBH20 estimated by equations of Hammond et al. (1984) was positively correlated (slope = .98) with estimates based on carcass specific gravity. Table 3 gives prediction equations for EBPRO and EBFAT, based on simple, multiple and quadratic regressions involving the independent variables US, LW and EB. The best predictions obtained were multiple regression equations with the independent variables US and EB. These predictions had larger coefficients of determination and smaller standard errors of the estimate than did predictions based on LW or EB alone. Urea space alone was a poor predictor of EBFAT (r 2 = .55), but US improved Meissner et al. (1980) , who found that prediction of EBFAT in bulls was best when both US and body mass were used as independent variables, and that body mass alone was a better predictor of EBFAT than was US alone. In contrast with present results, Meissner et al. (1980) found no advantage to using US alone or in combination with body mass over using body mass alone to predict EBPRO. One reason for these different findings may be that bulls used in the study of Meissner et al. (1980) were leaner than the steers used in the present study. Mean EBH20, EBPRO and EBFAT were 206.1, 68.6 and 47.1 kg, respectively, for the bulls (n = 20) of Meissner et al. (1980) , resulting in an EBFAT:EBPRO ratio of .69. In contrast, the mean EBFAT:EBPRO ratio calculated from the data in table 1 was 1.37. In addition, although Meissner et al. (1980) analyzed fewer animals, the range in LW (101 to 772 kg) and empty body components (EBH20, 61.6 to 407 kg; EBPRO, 15.9 to 154 kg; EBFAT, 4.6 to 164) was larger than in the present study.
Results and Discussion
For data from the mixed-breed steers, quadratic equations involving US or EB to predict EBPRO were better than linear predictions involving the same measurements, but they were not as good as multiple regressions using US and EB or LW (table 3) . There were no significant quadratic effects of US, EB or LW on EBPRO for Angus steers or for the pooled data. There were quadratic effects of US on the prediction of EBFAT in both groups of steers and on the pooled data, but these equations did not predict EBFAT as well as multiple regression equations with US and EB or LW (table 3) . There were no quadratic effects of EB or LW on EBFAT. Predictions of percentage of composition (%PRO and %FAT) are given in table 4. Coefficients of determination for the best predictions of percentage of composition (table 4) were not as high as coefficients of determination for the best predictions of actual weight of body components (table 3) . Even though US expressed as a percentage of EB or LW already has a body weight component, predictions of %PRO and %FAT were still improved if EB or LW were included as independent variables along with US%EB or US%LW, respectively. To the extent that body weight is related to age in growingfinishing steers, improvement in prediction with LW or EB may be due indirectly to an age effect.
In the subset of 22 mixed-breed steers used for deuterium oxide dilution measurements, live weights ranged from 361 to 451 kg (mean = 408 kg), actual EBH20 ranged from 179.7 to 217.3 kg, EBPRO ranged from 51.9 to 67.6 kg, EBFAT ranged from 46.9 to 110.7 kg and fill ranged from 39.9 to 81.6 kg. Predicted body composition in these steers using deuterium bEBH20 -~ empty body water, EBRPO = empty body protein and EBFAT = empty body fat.
CByers (1979a).
dEquations for EBPRO and EBFAT from this paper, equations for EBH 20 from Hammond et al. (1984) .
*Predicted different from measured (P<.05).
**Prediced different from measured (P<.O1).
***Predicted different from measured (P<.O01).
(P<.001) EBFAT by 19% or 14% with equations including LW or EB, respectively. These results support conclusions based on other data (Hammond and Waldo, 1985) that indicate that separate prediction equations may be required for different types or breeds of steers. These data also suggest that predictions, especially of EBFAT, may be more accurate if EB is known. The ARC (1980) proposes that EB can be approximated from LW with a factor related to fill that differs with type of diet (i.e., largely concentrates or green roughages, pelleted dry roughages and many mixed diets, long dried roughages). With regard to the present data, conclusions are along the lines of those reported by Meissner et al. (1980) , who studied estimation of body composition in bulls with urea dilution. Urea space, along with LW or EB, can be used to obtain predictions of EBH20 and EBPRO, but accurate prediction of EBFAT would likely require repeated measurements. The contribution of EBASH to total EB weight is relatively small in magnitude and can be estimated by assuming %EBASH to be about 4. In experiments with steers, Rumsey et al. (1984 Rumsey et al. ( , 1987a and Varga et al. (1985) found it useful to estimate body composition with US several times throughout a feeding trial and to calculate rates of gain for each body component by regression over time.
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